arXiv:hep-ph/0610373v2 19 Nov 2006

Relating L eptogenesisto Low Energy CP
Violation

Mu-Chun Chehand K.T. Mahanthappa

*Theoretical Physics Department, Fermilab, Batavia, IL 60510, USA
and
Department of Physics & Astronomy, University of California, Irvine, CA 92697, USA
TDepartment of Physics, University of Colorado, Boulder, CO 80309-0390, USA

Abstract. In the minimal left-right symmetric model with spontane@m violation, there are only
two intrinsic CP violating phases to account for all CP viimia in both the quark and lepton sectors.
In addition, the left- and right-handed Majorana mass téamthe neutrinos are proportional to each
other due to the parity in the model. This is thus a very caiirstid framework, making the existence
of correlations among the CP violation in leptogenesistmrauoscillation and neutrinoless double
beta decay possible.
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INTRODUCTION

The evidence of non-zero neutrino masses opens up the pibgstat the leptonic
CP violation might be responsible, through leptogenesisiiHe observed asymmetry
between matter and anti-matter in the Universe. It is gdiyetdficult, however, to make
connection between leptogenesis and CP-violating presestdow energies due to the
presence of extra phases and mixing angles in the rightduamelutrino sector. Recently
attempts have been made to indwgpentaneous CP violation (SCPV) from a single
source. Here we focus on the minimal left-right symmetriceloln this model SCPV
could be due to two intrinsic CP violating phases associaféud VEVs of two scalar
fields which account for all CP-violating processes obs#imeNature; thesexhaust
sources of CP-violation. As the left-handed (LH) and rightided (RH) Majorana mass
matrices are identical up to an overall mass scale, in thidanthere exist relations
between low energy processes, such as neutrino oscikati@utrinoless double beta
decay and lepton flavor violating charged lepton decay, aptbfenesis which occurs
at very high energy, as pointed out in Ref. [1].

THE MINIMAL LEFT-RIGHT SYMMETRIC MODEL

In the minimal left-right symmetri€U (2). x J (2)r x U (1)g_ model [2], the left- and
right-handed matter fields transform as doubletSdf2),_ and U (2)r, respectively,
and the Higgs sector that breaks the left-right symmetrig¢d8M gauge group contains
aU (2) bi-doublet Higgs®, aSJ (2),_triplet, A, and a3J (2)r triplet, Ag. The Yukawa
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interactions responsible for generating the lepton mamses
— 2 =LR(RI®+RP)Lj L +ifij(L] CT28LL L +L{gCT2ARL R) + e, (1)

where the matriceR, Rjj andfij are real due to the assumption of SCPV. The complete
Lagrangian of the model is invariant under the unitary tfamsation, under which the
matter fields transform ag — ULy and yr — Uryr Where g r are left-handed

(right-handed) fermions, and the scalar fields transforeopating to® — URdJUJ,
A — UE‘ALUJ, andAr — U;‘{ARUFE, with the unitary transformationdy andUg being

en 0 ér 0

Under these unitary transformations, the VEV's transfosika— ke '(W—W) g/ —
K'dML—W v — v e andvg — vre 2. Thus by re-defining the phases of matter
fields with the choice ofk = ar/2 andy. = ax + ar/2 in the unitary matrices and
Ug, We can rotate away two of the complex phases in the VEV'sefttalar fields and
are left with only two genuine CP violating phaseg; anda,

K 0 0 0 0 O
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The quark Yukawa interactions give rise to quark massestaiebi-doublet acquires
VEV'’s _ _
Mu:KHj—l—K/ef'aK’Gij, Md:K/e'aK’Flj—l—KGij . 4)

Thus the relative phase in the two VEV’s in the SU(2) bi-deujpd,,, gives rise to
the CP violating phase in the CKM matrix. To obtain realisfiark masses and CKM
matrix elements, it has been shown that the VEV’s of the hibdiet have to satisfy
K/K' ~m/my > 1. When the triplets and the bi-doublet acquire VEV'’s, weagbthe
following mass terms for the leptons

Me=K'd™Rj+KRj,  MPI=kRj+K'e %R} (5)
|\/|5R = Vrfij, MSt = v e fij . (6)

The effective neutrino mass matrid;’, which arises from the Type-Il seesaw mecha-
nism, is thus given by’ = M5t — M!. Assuming the charged lepton mass matrix is
diagonal, the Yukawa coupling; can be determined by the charged lepton masses. In
the limit k >> k’, the conventional type-I see-saw term is dominated by time peopor-
tional tok,

2
Dirac — Dirac K — VL —
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RESULTS

In the left-right symmetric model with the particle contem have, leptogenesis re-
ceives contributions both from the decay of the lightest RHtrino,N;, as well as from
the decay of th&J (2), triplet Higgs,A,. We consider th&J (2), triplet Higgs being
heavier than the lightest RH neutrindy, > Mg,. For this case, the decay of the light-
est RH neutrino dominates. In the SM, the canonical contiohbiuto the lepton number
asymmetry from one-loop diagrams mediated by the Higgslébahd the charged lep-
tons is given by [3],
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Now, there is one additional one-loop diagram mediated bysth(2), triplet Higgs. It
contributes to the decay amplitude of the right-handedrimeuinto a doublet Higgs

and a charged lepton, which gives an additional contrilbuto the lepton number
asymmetry|[3],

(8)
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where./p is the neutrino Dirac mass term in the basis where the RH imneutfajorana
mass term is real and diagona#/p = OrMp and f* = ORfO}Q. Because there is no
phase present in eithéflp = Pk or M}, or Og, the quantity.#p (M!,)".Z3 is real,
leading to a vanishing™t. We have checked explicitly that this statement is true for
any chosen unitary transformatiobs andUg defined in Eg.[(2). On the other hand, the
contribution,e2t, due to the diagram mediated by tB8 (2) triplet is proportional to
sinag. So, as long as the phageg is non-zero, the predicted value feft is finite. A
non-vanishing value foe! is generated at the sub-leading order when terms of order
O (k' /k) in Mp are included. At the leading order, leptogenesis is geeérstlely from
the decay mediated by ti&) (2), triplet Higgs.

Assume the neutrino Yukawa couplif®y to be proportional to the up quark mass
matrix and the matrixX; having hierarchical elements,

o (9)
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with q being the proportionality constant and small and positive number. CP violation
in neutrino oscillation is governed by the leptonic Jartgkovariant,J.,, which can
be expressed model-independently in terms of the effecidrino mass matrices as
Joo = —Im(HyoHogHg1) / (AmB,AmE, AmE,) andH = MM, whereAm? = m? —n with

m; being the mass eigenvalues of the effective neutrino magsand;;.
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FIGURE 1. Correlation between lepton number asymmetry and the lepfamiskog invariant.

To the leading order i@ the leptonic Jarlskog invariant is given by,

245 (1-t) v ™ Sina
- - L
Amg, Amg, Amg,, My

and the total amount of lepton number asymmetry,= £, is proprtional toAg’,
defined as

o (11)
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where 8 is a function of order one coupling constants in the scaldemqg@l. The
leptonic Jarlskog and the amount of leptogenesis- are both proportional to sim,_.
Thus the observation of low energy CP violation then impéeson-vanishing lepton
number asymmetry. We note that an amount of lepton numbenmasyry .., ~ 108
corresponds to a leptonic Jarlskog invaright ~ 107°.

With an additional broketJ (1) symmetry, the seesaw scale can be lowered to be
closer to the EW scale. In that case, the phageresponsible for CPV in the quark
sector can also be relevant to the leptonic CP violatinggsees. Connections such as
the one between electron EDM and leptogenesis can thusdiaisked|[4].
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